INTRODUCTION
The major envelope glycoproteins, gp70s, of murine leukaemia viruses (MuLV) are a biologically, immunologically and structurally diverse group of molecules (Steeves et al., 1974; Strand & August, 1973; Elder et al., 1977) . They are encoded by a multi-gene family ofenv genes (Elder et al., 1977) which are also highly pleomorphic (Buckler et al., 1982; Chan et al., 1980; Chattopadhyay et al., 1981) . The gp70 glycoproteins are expressed on normal and transformed murine tissues as well as on MuLVs. Murine tissue-associated gp70s are the products of integrated proviruses or proviral fragments. These molecules may be constitutively expressed by normal murine tissues without overt virus production.
METHODS
Mice. NZB mice were obtained from Jackson Laboratories, Bar Harbor, Me., U.S.A. C3H and AKR mice were obtained from Dr A. Liebelt, Northeastern Ohio Universities, College of Medicine, Kirschbaum Memorial Mouse Colony, Rootstown, Ohio, U.S.A.
Viruses. AT124, AKR virus, BALB virus-l, BALB virus-2, MuLV-Moloney and NZB virus were obtained from Dr J. S. Cole, III, Biological Carcinogenesis Branch, N.C.I.
Antisera and staphylococcal immunoadsorbent. Sera from rats with MuLV-Moloney-induced tumours (1014 serum) were obtained from Dr J. Gruber, Office of Programs and Logistics, N.C.I. Antisera prepared in goats against BALB virus-2 gp70, AT124 virus, AKR virus and BALB virus-1 were obtained from Dr J. S. Cole, III. Goat anti-gp70 (MuLV-Scripps) was a gift of Dr S. J. Kennel, Oak Ridge National Laboratories, Oak Ridge, 0022-1317/84/0000-5647 $02.000 1984 SGM G. H. BUTLER AND B. C. DEL VILLANO Tenn., U.S.A. Staphylococcus aureus, Cowan I strain (ATCC 12598) , was a gift of Dr M. Boehm-Truitt, Northeastern Ohio Universities, College of Medicine. The staphylococcal immunoadsorbent was prepared as described by Kessler (1975) .
Cells. Suspensions of thymocytes, splenocytes, inguinal lymph node cells, peritoneal macrophages and bone marrow cells from femurs were washed in Hanks' balanced salt solution without Ca z+ and Mg 2÷ (HBSS), incubated for 1 rain in isotonic NHgC1 at 4 °C to lyse erythrocytes and washed twice more in HBSS. Sperm, epididymal secretions and epididymal tissue fragments were obtained by the methods of Del Villano & Del Villano et al. (1976) . Epididymal secretions were dialysed against STE [0-1 M-NaCI, 0-01 M-Tris HCI pH 7.2, 1 mM-disodium EDTA, 0.01 ~ (w/v) NAN3].
Solubilization of cells. The gp70-enriched fractions of lymphoid cells were prepared as described by Kennel & Feldman (1976) by lysis with 0.5 ~ (w/v) Nonidet P40 (Particle Data Labs., Elmhurst, Ill., U.S.A.). Extracts were sonicated and centrifuged at 24000 g to remove insoluble debris. Sperm and epididymal tissue fragments were solubilized by incubation with 3 M-KC1 in STE at ambient temperature for 16 h. Supernatants were discarded and pellets re-extracted. Extracts were sonicated, centrifuged at 24000 g, dialysed against STE at 4 °C and centrifuged again at 24000 g. Serum gp70 was isolated by affinity chromatography using Sepharose goat anti-gp70 (MuLVScripps) and elution with KSCN as described by Cuatrecasas (1970) .
Radioiodination. Virus preparations, tissue extracts and affinity-purified serum gp70 fractions were radioiodinated by the chloramine T method (Hunter & Greenwood, 1962) .
Radioimmuneprecipitation. Radioimmune precipitation was done using the method of Collett & Erikson (1978) .
Radioiodinated antigen preparations were sonicated, centrifuged at 24000g, and preadsorbed with staphylococcal immunoadsorbent prior to radioimmune precipitation.
Polyacrylamide gel electrophoresis. SDS-polyacrylamide gel electrophoresis (SDS-PAGE) was done as described by Laemmli (1970) using 10~ slab gels.
Trypticpeptidefingerprinting. Acrylamide gel slices containing gp70 were identified by autoradiography ( Fig. 1) , excised, and washed extensively in 10~ (v/v) methanol to remove SDS. Gel slices were lyophilized and subsequently rehydrated with 1-2 ml 0-05 M-NH4HCO 3 pH 8-0 containing 5 p.g TPCK-trypsin (Worthington). The amount of trypsin required for complete digestion of substrates in acrylamide gels was determined by titration. Analysis of tryptic peptides was carried out as described by Gibson (1974) .
Because of the complexity of tryptic fingerprints of gp70s, we first established that reproducible patterns could be obtained from representative tissue and viral gp70s. Molecules isolated from three separate preparations of all of the six viruses studied, and from three separate preparations of NZB epididymal secretions and thymi, digested and fingerprinted, showed identical maps for each preparation.
RESULTS

Molecular weight pleomorphism among NZB tissue-associated gp70s
Pleomorphism among NZB tissue-associated gp70s was initially demonstrated by comparisons of the Mr of these molecules determined from autoradiographs of SDS-PAGE-analysed immune precipitates of tissue extracts (Table 1, Fig. 1) . These values indicated a consistent size relationship among NZB tissue-associated gp70s such that gp70s isolated from bone marrow > thymocytes > sera > peritoneal macrophages > spleen > lymph nodes > epididymal secretions and epididymal tissue fragments > sperm. In addition, two distinct components of Mr 65 000 and 60000 were always associated with both the epididymal secretion and epididymal tissue immune precipitates.
Co-electrophoresis of sets of anti-gp70 immune precipitates of 125I-and 131I-labelled tissue extracts was done to demonstrate directly molecular weight pleomorphism among NZB tissueassociated gp70s. Fig. 2 shows the relationships among these molecules as: t31I-peritoneal macrophage gp70 greater than l zSI-epididymal secretion gp70; 12SI-bone marrow gp70 greater than ~ 3 ~ I-peritoneal macrophage gp70; 13~i_spleen gp70 greater than ~ 25i_epididyma 1 secretion gp70 and lzSI-bone marrow gp70 greater than ~3~I-spleen gp70. These data confirm the data shown in Table 1 .
Molecular weight pleomorphism among gp70s isolated from the tissues of other strains of mice
We analysed tissue-associated gp70s of several additional strains of mice to show that molecular weight pleomorphism among tissue-associated gp70s was a generally occurring phenomenon. In these experiments, gp70s derived from the epididymal secretions and Pleomorphism of murine gp70s epididymal tissue fragments and thymi were analysed. M, pleomorphism was seen among these molecules of each strain of mouse examined (Table 2) . Thymocyte gp70s had the highest Mr of the tissue-associated gp70s for all of the strains of mice except A K R , in which epididymal secretion gp70 had an unusually high Mr of 74500. In contrast to N Z B gp70s, Mr variations between epididymal tissue fragment gp70s occurred in all other strains of mice. Furthermore, the appearance of lower Mr components in epididymal secretion and epididymal tissue fragment gp70 immune precipitates varied among mouse strains. 
Tryptic peptide analysis of NZB tissue-associated gp70s
Two-dimensional fingerprint analysis of l zsI-tyrosine-containing tryptic peptides of NZB tissue-associated gp70s was done to demonstrate primary structural pleomorphism among these molecules, and to determine the relationship of these molecules to gp70s isolated from xenotropic virus particles. Peptide fingerprints of NZB tissue-associated gp70s (Fig. 3) were grossly similar to, but more complex than, peptide maps of gp70s isolated from several strains of xenotropic viruses (Fig. 4) . The close relationship between NZB tissue-associated gp70s and xenotropic virus particle gp70s is evident from the presence of peptides in groups B and F (Fig.  5) , which distinguish peptide maps of xenotropic viral gp70s from those of ecotropic virus gp70s (Fig. 4 and 5) . The increased complexity of tryptic peptide fingerprints of gp70s associated with NZB tissues relative to those of virus particle gp70s is shown by determining the total number of peptides in each peptide map. Peptide maps of eight NZB tissue-associated gp70s analysed had between 16 and 24 major peptides. Peptide maps of gp70s associated with xenotropic virus particles had only 10 to 14 peptides (Table 3) . Pleomorphism among tissue-associated gp70s is apparent by three criteria. First, peptides are non-uniformly distributed among the tissue-associated gp70s.'Twenty-seven of the 35 major peptides identified in fingerprints of the eight NZB tissue-associated gp70s analysed are unevenly shared among the gp70s; only eight peptides are highly conserved among all of the NZB tissue-associated gp70s (Table 3) . Second, some tissue-associated gp70s have unique (a) peptides. For example, peptides A2, A3, B2, B4, F3, F4 and F5 are found only in peptide maps of gp70s isolated from individual N ZB tissues (Table 3 , Fig. 5 ). Finally, the degree of relatedness of tissue-associated gp70s to xenotropic virus particle-associated gp70s is variable. For example, epididymal secretion gp70 and epididymal tissue fragment gp70 peptide maps are more similar to NZB xenotropic virus gp70 than is NZB serum gp70 (Table 3 , Fig. 3 and 4) .
G. H. B U T L E R A N D B. C. D E L V I L L A N O
(b) (c) (d) (e)(f)
Pleomorphism among tissue-associated gp70s of additional mouse strains
To determine whether structural pleomorphism of tissue-associated gp70s was a general phenomenon, gp70s isolated from thymi and epididymal secretions of additional strains of mice were analysed by tryptic peptide fingerprinting (Fig. 6) . Pleomorphism among tissue-associated gp70s is seen for all strains of mice studied, and the peptide maps of tissue-associated gp70s of some strains, for example AKR and C3H (Fig. 6) , are more complex than those of the corresponding NZB tissue-associated gp70s (Fig. 3) . Pleomorphism is apparent among peptides in each reference group previously identified (Table 3, Fig. 5 ), as well as among peptides not found in fingerprints of NZB tissue-associated gp70s.
Analysis of lower Mr components
Analysis of peptide fingerprints of the 60000 mol. wt. components in anti-gp70 immune precipitates of NZB epididymal secretions and epididymal tissue fragments showed that these molecules were gp70 fragments. Peptide fingerprints of these fragments were identical to those of the respective gp70s (data not shown). Analysis of the lower Mr components appearing in the tissues of other strains of mice showed that these molecules also had peptide maps identical to those of gp70s from these tissues (data not shown). :~ Sum of the major peptides listed for each gp70 tryptic peptide fingerprint.
DISCUSSION
We have examined the relationships among tissue-associated gp70s in NZB and several other strains of mice. In addition, we have determined the relationship of these molecules to gp70s isolated from MuLV particles. We define tissue-associated gp70s as those molecules with an Mr of approx. 70000 which react with antibodies to gp70s purified from MuLV virions. Tissueassociated gp70s are produced constitutively by mouse cells and usually are produced in uncoordinately high levels relative to other MuLV-encoded structural proteins (Kennel & Feldman, 1976) .
The results presented here demonstrate that pleomorphism among tissue-associated gp70s is extensive within the NZB mouse strain, and that it is a generally occurring phenomenon in mice. Del Villano et al. (1976) have previously shown Mr pleomorphism among tissue-associated gp70s in NZB and 129/J mice. We have confirmed and expanded upon these data. Pleomorphism among tissue-associated gp70s is shown as differences in the Mr determined by SDS-gel electrophoresis and as primary structural differences revealed by tryptic peptide fingerprint analysis. We have shown an Mr relationship among NZB tissue-associated gp70s such that the Mr of gp70 isolated from the bone marrow > thymus > serum > peritoneal macrophages > spleen > lymph node > epididymal secretions and epididymal tissue fragments > sperm. Each of the eight NZB tissue-associated gp70s studied had a distinctive primary structure as determined by tryptic peptide fingerprint analysis. This was also true for thymus and epididymal secretion gp70s isolated from five additional strains of mice.
All of the tissue-associated gp70s in each mouse strain had two common features. First, peptide fingerprints of these molecules were similar to those of gp70s isolated from several xenotropic virus strains. This similarity was primarily associated with groups of peptides that distinguished xenotropic viral gp70s from those isolated from ecotropic virus particle gp70s. In addition, peptides common to both xenotropic and ecotropic virus particle gp70s were present in peptide fingerprints of all tissue-associated gp70s. No peptides were identifiable in fingerprints of NZB tissue-associated gp70s that were also unique to ecotropic MuLV particle gp70s. Second, peptide fingerprints of tissue-associated gp70s were much more complex than those of gp70s isolated from MuLV particles. That is, peptide fingerprints of tissue-associated gp70s had between 16 and 24 iodotyrosine-containing peptides, whereas those of xenotropic virusassociated gp70s had only 10 to 14 iodotyrosine-containing peptides.
The presence of peptides representative of xenotropic virus gp70s in peptide fingerprints of tissue-associated gp70s indicated that xenotropic virus env genes or env gene fragments are active in the genomes of all strains of mice we have examined, and that these genes or gene fragments are expressed in several major tissues of mice. The presence of xenotropic env genes in the genomes of inbred mice has been documented by several criteria. First, xenotropic MuLV proviruses are vertically transmitted in inbred mouse strains (Stephenson, 1980) . Second, Southern blot hybridization of AKR (Chattopadhyay et al., 1980) or MuLV-Moloney (Steffen et al., 1982) cDNA probes to total mouse DNAs have shown the presence of two types of provirus sequences in mouse genomes. Furthermore, genome length (7.2 kb) MuLV DNAs which have restriction endonuclease patterns characteristic of xenotropic viruses are present in the DNAs of inbred and feral mice (Chattopadhyay et al., 1980) . The expression of these endogenous xenotropic MuLV genomes in the tissues of inbred mice has also been demonstrated. XenCSA, a serologically identifiable xenotropic gp70-1ike molecule, can be detected on the cell surface of most mouse cells (Morse et al., 1979) . In addition, infectious xenotropic MuLVs are produced by the thymus of leukaemic AKR mice and by all tissues of (AKR x NZB)F1 mice (McClintock et al., 1977) . Furthermore, tryptic peptide fingerprint analysis of gp70s isolated from epididymal secretions (Del Villano et al., 1976) , from 129-GIX + thymi (Tung et al., 1975) and from NZB serum, spleen and thymus (Elder et al., 1980) are similar to those of xenotropic viral gp70s we analysed and those analysed by Elder et al. (1977) .
The data presented here clearly demonstrate that multiple pleomorphic forms of xenotropic gp70s are expressed in the tissues of inbred mice, and that these molecules are much more complex than those of viruses. The mechanisms that regulate the expression of these tissueassociated gp70s remain to be determined. Pleomorphism among tissue-associated gp70s may be attributed to genetic mechanisms. Multiple endogenous env genes present in the genomes of mice may be differentially expressed in mouse tissues. Nucleic acid hybridization studies using a xenotropic MuLV env gene-specific probe, pXenv (Buckler et al., 1982) as well as ecotropic MuLV env gene-specific probes (Chan et al., 1980; Steffen et al., 1982; Chattopadhyay et al., 1980) suggest that multiple endogenous env genes are present in the genomes of inbred and feral mice. Buckler et al. (1982) have estimated that there may be as many as eight complete pXenvrelated genomes in AKR mice as well as multiple subgenomic fragments which hybridize to this probe. Our data suggest that there may be as many as eight env gene sequences in NZB mice and at least two in AKR, YBR, C3H and 129/J. We found eight pleomorphic forms ofgp70s in NZB mouse tissues, and thymus and epididymal secretion gp70s were different in each of the other mouse strains. The mechanisms that regulate the expression of env genes or env gene fragments must differ among murine tissues, and may be determined by mechanisms which also determine the differentiated state of cells.
Pleomorphism among tissue-associated gp70s might also be determined post-transcriptionally. These processes may include RNA splicing, proteolytic processing and glycosylation. RNA splicing of the 3' end of the initiation sequences of viral RNA to the 3' end of env gene RNA is necessary for translation of the env gene (Stephenson, 1980) . Variation in regulation of this process among differentiated cell types could generate gp70 pleomorphism. Proteolytic processing of proviral gene translation products may also be regulated by mechanisms which vary among differentiated tissues. Host cells may supply proteases and glycosyl transferases involved in the biosynthesis of gpT0s. Thus, the glycosylation of the pr60 en~ precursor (Witte & Wurth, 1979) and proteolytic cleavage of pr85 env to gp70 and p 15E (Famulari et al., 1976) may be affected by the availability of enzymes in differentiated cell types.
The biological significance of MuLV-related gp70s associated with normal tissues of mice remains to be determined. As cell surface components, gp70s may be receptors for cellular recognition, a target for the host immune system, or simple markers of differentiation. To understand the role of tissue-associated gp70s, we must first appreciate the diversity of these molecules, and then evaluate each class to define the importance of pleomorphism and to determine the mechanisms by which pleomorphism is generated.
